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ABSTRACT Of four genotypes of Encephalitozoon cuniculi, E. cuniculi genotype II is
considered to represent a parasite that occurs in many host species in a latent
asymptomatic form, whereas E. cuniculi genotype III seems to be more aggressive,
and infections caused by this strain can lead to the death of even immunocompe-
tent hosts. Although albendazole has been considered suitable for treatment of En-
cephalitozoon species, its failure in control of E. cuniculi genotype III infection has
been reported. This study determined the effect of a 100� recommended daily dose
of albendazole on an Encephalitozoon cuniculi genotype III course of infection in im-
munocompetent and immunodeficient mice and compared the results with those
from experiments performed with a lower dose of albendazole and E. cuniculi geno-
type II. The administration of the regular dose of abendazole during the acute phase
of infection reduced the number of affected organs in all strains of mice and abso-
lute counts of spores in screened organs. However, the effect on genotype III was
minor. Surprisingly, no substantial effect was recorded after the use of a 100� dose
of albendazole, with larger reductions seen only in the number of affected organs
and absolute counts of spores in all strains of mice, implying variations in albenda-
zole resistance between these Encephalitozoon cuniculi genotypes. These results im-
ply that differences in the course of infection and the response to treatment depend
not only on the immunological status of the host but also on the genotype causing
the infection. Understanding how microsporidia survive in hosts despite targeted an-
timicrosporidial treatment could significantly contribute to research related to hu-
man health.
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Microsporidia, ubiquitous unicellular spore-forming microorganisms classified in
the separate phylum Microsporidia, infect a wide range of vertebrate and inver-

tebrate hosts, including humans (1). Encephalitozoon cuniculi, the first microsporidian
identified in mammals and the first successfully isolated for long-term culture, is the
best-studied microsporidian species (2–4). Natural infection with this microsporidian
has been reported in variety of host species, and E. cuniculi induces a wide spectrum of
pathogenesis, including encephalitis, keratoconjunctivitis, nephritis, and hepatitis in
immunocompromised patients (5–7).

Based on the number of 5=-GTTT-3= repeats in the ribosomal internal transcribed
spacer (ITS) region of the ribosomal DNA (rDNA) gene, four E. cuniculi genotypes have
been identified so far: genotype I (“rabbit”), genotype II (“mouse”), genotype III (“dog”),
and genotype IV (“human”) (8, 9). While E. cuniculi genotype II has been found in many
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Květoňová D, Hlásková L, Kváč M. 2020.
Encephalitozoon cuniculi genotype III evinces a
resistance to albendazole treatment in both
immunodeficient and immunocompetent
mice. Antimicrob Agents Chemother
64:e00058-20. https://doi.org/10.1128/AAC
.00058-20.

Copyright © 2020 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Bohumil Sak,
casio@paru.cas.cz.

Received 9 January 2020
Returned for modification 25 January 2020
Accepted 4 March 2020

Accepted manuscript posted online 9
March 2020
Published

EXPERIMENTAL THERAPEUTICS

crossm

May 2020 Volume 64 Issue 5 e00058-20 aac.asm.org 1Antimicrobial Agents and Chemotherapy

21 April 2020

https://doi.org/10.1128/AAC.00058-20
https://doi.org/10.1128/AAC.00058-20
https://doi.org/10.1128/ASMCopyrightv2
mailto:casio@paru.cas.cz
https://crossmark.crossref.org/dialog/?doi=10.1128/AAC.00058-20&domain=pdf&date_stamp=2020-3-9
https://aac.asm.org


different species of hosts, the other genotypes has been reported less frequently. To
date, the course of infection was experimentally described in detail for genotype II and
genotype III (10–13), implying various levels of tolerance of murine hosts to different
infection intensities caused by these two genotypes. While immunocompetent BALB/c
and C57BL/6 and immunodeficient CD4�/� and CD8�/� mice have been shown to
survive E. cuniculi genotype III infection despite an enormous and rapid spreading of
infection and spore burden in their tissues without any obvious clinical signs of
infection, immunodeficient severe combined immunodeficiency (SCID) mice and
CD8�/� mice succumbed to E. cuniculi genotype II infection, which, however, did not
show similar extents and intensities. Moreover, the results reported previously by
Kotková et al. in 2017 (11) and by Sak et al. in 2020 (13) indicated elevated resistance
of E. cuniculi genotype III to albendazole treatment, as only a slight and temporary
reduction in infection extension was observed not only in immunodeficient but also in
immunocompetent mice.

Benzimidazoles, including albendazole, are widely used in anthelminthic drugs in
veterinary and human medicine and have been used as antifungal agents in agricul-
ture. Albendazole is one of the most commonly used drugs for treating microsporidi-
osis, especially encephalitozoonosis in human (14). However, benzimidazole resistance
has been suggested in some microsporidia, including Enterocytozoon bieneusi and
Vittaforma corneae (15, 16).

In this study, we evaluated the effect of a 100�-elevated recommended dose of
albendazole on infection caused by E. cuniculi genotype III in mice by the use of nested
PCR and the quantitative PCR (qPCR) method, compared the results with those ob-
tained with E. cuniculi genotype II and genotype III treated with a recommended
dosage, and assessed the potential difference between these two Encephalitozoon
cuniculi genotypes in albendazole resistance.

RESULTS

The acute phase of E. cuniculi genotype III infection in immunocompetent BALB/c
mice was characterized by an increase in the number of affected organs, reaching a
maximum 7 days postinfection (dpi), with an average spore burden of 1.7 � 108

spores/g of positive tissue and the maximum of 1.2 � 108 spores/g of tissue reported
14 dpi. The treatment with 20 mg albendazole led to a progressive reduction in the
number of affected organs, reaching the minimum 1 week after treatment termination;
thereafter, the E. cuniculi genotype III infection was detected only sporadically, mainly
in brain (Fig. 1A), with 2.1 � 104 and 1.8 � 104 spores/g of tissue reported 77 and 105
dpi, respectively. The application of albendazole cleared the infection from all parts of
intestines; also, Encephalitozoon cuniculi genotype III DNA was detected in fecal sam-
ples sporadically from 7 to 54 dpi, but shedding was intermittent over the course of
infection (Fig. 1A), with a declining spore burden from the original 2.2 � 102 spores/g
of feces to 5.1 � 10° reported on the last day of shedding.

The spreading intensity of E. cuniculi genotype III in SCID mice was comparable to
that observed in immunocompetent BALB/c mice, but the spore burden was 10-fold
higher, reaching an average of 2.9 � 109 spores/g of positive tissue and a maximum of
6.4 � 109 spores/g of tissue in jejunum on 14 dpi (Fig. 1B). The treatment of infected
SCID mice with 20 mg of albendazole from 14 to 28 dpi led to disappearance of
microsporidia from several organs after treatment introduction and a decrease of spore
burden to 3.5 � 105 and 2.8 � 103 spores/g of positive tissue reported 42 and 77 dpi,
respectively. However, the parasite redisseminated starting from week 7 after treatment
termination and SCID mice succumbed to the infection 2 weeks later (mean survival
time [MST] � 94 � 1.1 days), resulting in 1.4 � 109 spores/g of positive tissue on 91 dpi.
While parasite DNA was detected in fecal samples every day from 5 dpi with an average
concentration of 2.4 � 106 spores/g of feces, intermittent, less frequent shedding of
spores in feces was recorded between 16 and 49 dpi, reaching 4.3 � 103 spores/g of
feces. Thereafter, the spores were again detected in feces every day (except 63 dpi) up
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to the death of the mice and the concentration rose again to up to 9.7 � 105 spores/g
of feces reported at 93 dpi (Fig. 1B).

Application of 20 mg of albendazole in immunocompetent C57BL/6 mice led to a
reduction in the number of affected organs starting from the first week of medication
(Fig. 2A) and in a gradual decrease of spore burden from original 4.8 � 107 spores/g of
positive tissue reported on 28 dpi to 3.6 � 105, 6.9 � 103, and 2.9 � 104/g of positive
tissue at 42, 56, and 77 dpi, respectively. However, 4 weeks later, the microsporidia
reactivated again, reaching 1.2 � 105 spores/g of positive tissue 105 dpi, and the
number of affected organs grew slightly at the end of the experimental period. The
treatment led to disappearance of microsporidia from most parts of intestines; also,
the frequency of microsporidial DNA detection and concentration of spores in feces
declined from 1.1 � 102 spores/g of feces at 21 dpi to a negative result from 43 dpi
(Fig. 2A).

A comparable onset of infection was recorded for CD4�/� mice, reaching 2.2 � 108

spores/g of positive tissue reported on 28 dpi. However, treatment with 20 mg of
albendazole had almost no effect on infection spreading and microsporidia were
detected repeatedly in the majority of the screened organs (Fig. 2B). On the other hand,
the medication temporarily reduced the spore burden in the organism, reaching the
minimum of 4.8 � 103 spores/g of positive tissue at 56 dpi, with increases to 1.1 � 105

and 1.7 � 106 spores/g of positive tissue reported at 77 and 105 dpi, respectively. Also
the shedding of microsporidia DNA in feces was not hampered by medication, only a

FIG 1 Course of E. cuniculi genotype III infection, including the pattern of spore shedding and dissem-
ination of the infection to selected organs and tissues. (A) BALB/c mice treated with albendazole. (B) SCID
mice treated with albendazole. Gray field, albendazole treatment; black line, course of E. cuniculi
infection; dot, E. cuniculi-positive organ; black square, spore shedding.
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slight reduction in shedding frequency and spore concentrations was monitored for 3
weeks following treatment, with the number of spores decreasing to 3.8 � 103/g of
feces (Fig. 2B); however, after this period, the concentrations of spores rose again to
volumes comparable to that reported before treatment (6.3 � 103/g of feces at 21 dpi
versus 5.1 � 104/g of feces at 105 dpi).

FIG 2 Course of E. cuniculi genotype III infection, including the pattern of spore shedding and dissem-
ination of the infection to selected organs and tissues. (A) C57BL/6 mice treated with albendazole. (B)
CD4�/� mice treated with albendazole. (C) CD8�/� mice treated with albendazole. Gray field, albenda-
zole treatment; black line, course of E. cuniculi infection; dot, E. cuniculi-positive organ; black square,
spore shedding.

Sak et al. Antimicrobial Agents and Chemotherapy

May 2020 Volume 64 Issue 5 e00058-20 aac.asm.org 4

https://aac.asm.org


Encephalitozoon cuniculi genotype III disseminated slightly more aggressively in
CD8�/� mice than in mice lacking CD4 lymphocytes (Fig. 2C), with a maximum spore
burden of 7.0 � 108/g of tissue at 28 dpi. Also, the medication led to more dynamic
decrease in the number of affected organs, mainly 2 weeks after treatment termination,
with the minimum spore burden of 3.3 � 104 spores/g of positive tissue reported at 56
dpi. In the weeks that followed, progressive dissemination of microsporidia was seen in
most of mouse body, reaching of 8.6 � 107 spores/g of positive tissue at 105 dpi.
Similarly to the results seen with CD4�/� mice, fecal samples were negative for
microsporidia 4 weeks after treatment; however, microsporidia were thereafter de-
tected in feces until the end of experiment at 105 dpi, nearly reaching the original
concentration reported before treatment (5.9 � 104/g of feces) (Fig. 2C).

DISCUSSION

Albendazole, a benzimidazole derivate inhibiting microtubule assembly, has a broad
spectrum of antihelminthic and antifungal activities. The drug binds to the colchicine
binding site of �-tubulin and disrupted mitosis in sensitive organisms due to preven-
tion of polymerization of both of the tubulin subunits, thus preventing elongation of
the microtubules and depolymerization of the two subunits �-tubulin and �-tubulin
(17, 18). Albendazole appeared to be effective in the treatment of microsporidiosis
(19–21) and remains the preferred drug in human encephalitozoonosis (22). Albenda-
zole was considered highly active against all of the Encephalitozoonidae (E. hellem, E.
cuniculi, and E. intestinalis) based on in vitro experiments at concentrations lower than
0.1 mg/ml (23). It was also shown previously to be active in animal models of microspo-
ridiosis and has been demonstrated to be effective in clinical cases (23). However, its
effect in controlling encephalitozoonosis has been questioned based on introduction of
modern diagnostic methods used in combination with experimental infections, indi-
cating reactivation of the infection after treatment termination and spreading within
host body to an extent similar to that seen before treatment (10, 11, 24).

Recently, a disproportion in the albendazole sensitivities of two Encephalitozoon
genotypes, namely, genotype II and III, has been observed (10–13). While E. cuniculi
genotype II infection was fully cured in immunocompetent BALB/c and C57BL/6 mice
and immunodeficient CD4�/� mice treated with 0.2 mg albendazole (10, 12), only poor
sensitivity of E. cuniculi genotype III to medication has been observed, resulting in
milder or negligible effects of treatment in immunocompetent or immunodeficient
mice, respectively (11, 13). Moreover, almost no difference has been observed between
the effects of the recommended dose (0.2 mg albendazole; 12) and a 100-fold-
increased dose (20 mg; present study) on infection spreading of E. cuniculi genotype III
in C57BL/6 mice and derived knockouts (CD4�/�, CD8�/�); the treatment in both
dosages resulted in a 10� reduction in the total spore burden, but the effect was only
temporary, and the numbers of spores measured in organs several weeks posttreat-
ment were comparable to those observed before treatment. On the other hand,
treatment with increased concentration (20 mg of albendazole) of BALB/c mice infected
with E. cuniculi genotype III resulted in elimination of infection from most of screened
organs that was similar to that observed in E. cuniculi genotype II-infected and 0.2 mg
albendazole treated-BALB/c mice (10), whereas only a limited and temporary effect was
observed after medication with 0.2 mg of albendazole (11). The 100-fold-increased dose
used in the present study did not prevent the SCID mice from death; only a significant
prolongation of mean survival time compared to that seen with the recommended
dosage (79 dpi versus 94 dpi) has been reported (11). The interstrain variation in
sensitivity of mice to E. cuniculi genotype III infection and treatment was attributed to
cellular intrinsic factors of target cells on the one hand and immunological responses
on the other. These strains were shown to differ in their patterns of immune responses
and in their stress sensitivities (25–27). C57BL/6 mice are generally considered T helper
1 (Th1)-biased mice, resulting in a predominance of cell-mediated immune response,
while BALB/c mice are TH-2 biased, with an efficient humoral response dominance (28).
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Moreover, it is already known that C57BL/6 and BALB/c mice differ in their microbiota
content (29, 30).

It is well documented that frequent and prolonged use of benzimidazole drugs such
as albendazole and mebendazole could lead to the emergence of anthelmintic resis-
tance such as has occurred in nematodes of livestock (31). An association of drug
resistance with single nucleotide polymorphisms (SNP) in the �-tubulin isotype 1 gene
was determined previously (32).

Encephalitozoon genotype I �-tubulin has the amino acid sequence associated with
sensitivity to benzimidazoles (33). However, Enterocytozoon (15) and Vittaforma (16)
�-tubulins have been shown to demonstrate the presence of amino acids associated
with albendazole resistance. E. bieneusi �-tubulin has only five of the six amino acids
that were reported previously to be associated with benzimidazole activity (His6,
Phe167, Glu198, Phe200, and Arg241; numbering based on the S. cerevisiae sequence) (34,
35). Moreover, glutamine at position 198 is substituted for glutamic acid (15). Generally,
organisms resistant to benzimidazole, such as Entamoeba histolytica, Cryptosporidium
parvum and Acanthamoeba polyphaga, lack either or both of Glu198 or Phe200. Also,
helminths, fungi, and humans have changes at Phe200 (36, 37). The resistance of E.
cuniculi genotype III reported from the present study could be caused by such nucle-
otide polymorphism in �-tubulin sequence, but the phenomenon needs to be studied
in detail in the future. Moreover, Davidse and Flach (38) and Jung at al. (35) suggested
previously that the resistance conferred by a His6-to-Leu mutation in another fungal
species, Aspergillus nidulans, results from a direct effect on benzimidazole binding and
not from, for example, an indirect increase in microtubule stability.

The results of the present study confirmed the hypothesis concerning variations in
pathology and albendazole resistance of different genotypes of Encephalitozoon that
had previously been suggested (11, 12, 39, 40). Although there was a disappearance of
E. cuniculi genotype III from many organs during the next several weeks after 20 mg
albendazole treatment, the number of positive-testing organs seen in the chronic stage
of infection was much higher than that seen under conditions of chronic infection
caused by E. cuniculi genotype II after treatment with 0.2 mg, mainly in C57BL/6 mice
and derived knockouts (10, 12). Moreover, the amount of microsporidial spores in the
organs was about 1 order higher than the amount seen with E. cuniculi genotype II.

Another surprising discovery was the finding of dose-dependent intergenotype
variations in the rates of disappearance of the parasite from the gastrointestinal tract
of immunocompetent BALB/c and C57BL/6 mice after treatment. While microsporidia
vanished from the gastrointestinal tract in BALB/c mice following the recommended
treatment (0.2 mg albendazole; 11), the infection almost cleared from gastrointestinal
tract in C57BL/6 mice in response to the 100-fold-increased dose, but not the recom-
mended dose (12). This effect could be caused by albendazole itself directly in the gut,
as albendazole is poorly absorbed from the gastrointestinal tract due to its low aqueous
solubility, its concentrations are negligible or undetectable in plasma, and it is rapidly
converted to the sulfoxide metabolites, mainly albendazole sulfoxide, prior to reaching
the systemic circulation (41). The rates of absorption of albendazole after oral admin-
istration differ among species, with 1% to 5% of the drug being successfully absorbed
in humans, 20% to 30% in mice, and 50% in cattle. Oral bioavailability appears to be
enhanced when albendazole is coadministered with a fatty meal, as evidenced by data
showing up to 5-fold-increased plasma concentrations of albendazole sulfoxide com-
pared to the fasted state (42). However, our data showed a simultaneous microsporidial
spore number increase in organs outside the gastrointestinal tract, which is in accor-
dance with results reported from previous studies, where the application of antimi-
crosporidial drugs or of potentially effective selected plant extracts led to a consider-
able shift of infection toward organs outside the gastrointestinal tract (10, 11, 24, 43),
causing misleading disappearances of microsporidia from the gastrointestinal tract and
reductions in spore shedding despite their survival in multiple organs. Similarly, im-
mune reconstitution with antiretroviral therapies in humans greatly reduced the oc-
currence of microsporidiosis-associated clinical symptoms in persons with HIV infection
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(44, 45), but, for obvious reasons, we can only speculate about the suggested possibility
of drifting of microsporidia between the gastrointestinal tract and visceral organs.

This study was designed to deepen our knowledge about treatment of latent
microsporidiosis and differences of Encephalitozoon genotypes. This information will
help to increase understanding of the course of infection of these pathogens. The
molecular background of resistance to albendazole treatment of E. cuniculi genotype III
should be the subject of further studies.

MATERIALS AND METHODS
Ethics statement. All experimental procedures complied with the relevant law of the Czech Republic

(CR; act no. 246/1992 Coll., on the protection of animals against cruelty). The study design was approved
by ethical committees at the Biology Centre of CAS, the State Veterinary Administration, and the Central
Commission for Animal Welfare under protocol no. 100/2016.

Mice. Immunodeficient SCID mice (strain C.B-17) of the BALB/c background, CD4�/� and CD8�/�

mice of the C57BL/6 background, and immunocompetent BALB/c and C57BL/6 mice were originally
obtained from Charles River, Sulzfeld, Germany, and bred in plastic cages with sterilized wood-chip
bedding situated in IVC Air Handling Solutions (Techniplast, Italy) with high-efficiency particulate air
(HEPA) filters. The experimental 8-week-old animals were housed in plastic cages with sterilized wood-
chip bedding situated in flexible film isolators (BEM Znojmo, Czech Republic) with HEPA filters. All mice
were supplied a sterilized diet (Top-Velaz, Prague, Czech Republic) and sterilized water ad libitum.

Parasite. The spores of Encephalitozoon cuniculi genotype III were originally isolated from pet rodent
Steppe lemmings (Lagurus lagurus) (46) and were grown in vitro in green monkey kidney cells (Vero; line
E6) maintained in RPMI 1640 medium (Sigma) supplemented with 2.5% heat-inactivated fetal bovine
serum. Spores were harvested and purified from cells by centrifugation over 50% Percoll (Sigma) at
1,100 � g for 30 min and washed three times in deionized water before being stored in deionized water
supplemented with antibiotics (Sigma; 100 U/ml penicillin, 100 �g/ml streptomycin, and 2.5 �g/ml
amphotericin B) at 4°C. The spores were washed with deionized water before use.

Drugs. Aldifal (Mevak Nitra, SR), containing 100 g of albendazole in 1,000 ml, was p.o. (per os [orally])
administered by intragastric gavage per mouse in a dose consisting of 200 �l of pure albendazole
(20 mg).

Experimental protocol. Groups of immunocompetent BALB/c and C57BL/6 mice and of immuno-
deficient SCID, CD4�/�, and CD8�/� mice were p.o. infected with a dose of 107 E. cuniculi strain III spores
in 0.2 ml of deionized water by intragastric gavage and treated daily with 20 mg of albendazole within
a period of 14 days starting 14 dpi in SCID mice and 28 dpi in the rest of the mice. The course of infection
and effect of treatment were compared with those seen with untreated and 0.2 mg albendazole-treated
animals (11, 13). Noninfected mice of all strains were used as negative controls (Table 1). The fecal
samples were obtained daily from each mouse separately and stored at –20°C for further molecular
analyses. The health, mortality, and morbidity of the animals were recorded twice a day. Since the mean

TABLE 1 Design of experimentsc

Group n1 n2

No. of sacrificed mice on dpi:

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105

BALB/c
Uninfected controla 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Infectionb � treatment (28–42 dpi) 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

SCID
Uninfected controla 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Infectionb � treatment (14–28 dpi) 48 42 3 3 3 3 3 3 3 3 3 3 3 3 3 3 � �

C57Bl/6
Uninfected controla 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Infectionb � treatment (28–42 dpi) 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

CD4�/�

Uninfected controla 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Infectionb � treatment (28–42 dpi) 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

CD8�/�

Uninfected controla 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Infectionb � treatment (28–42 dpi) 48 48 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

aInoculation with 0.2 ml sterilized deionized water.
bInfection with 107 E. cuniculi spores in 0.2 ml of sterilized deionized water.
cn1, number of animals used; n2, number of animals dissected; �, not observed due to the death of the animal; dpi, day postinfection. Data highlighted in gray
indicate albendazole treatment (20.0 mg/animal/day).
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survival time (MST) of individual experimental groups of animals needed to be determined, the animals
were allowed to die without euthanasia to minimalize distortions resulting from variability of survival
time of mice in the last phase of the infection. Three mice from each group were euthanized by cervical
dislocation every seventh day postinfection, and sterile samples were obtained using the following
sources and methods: urine by bladder catheterization, blood from retro-orbital sinus, peritoneal lavage
with cold sterile phosphate-buffered saline (PBS), and sampling from various organs (stomach, duode-
num, ileum, jejunum, cecum, colon, liver, spleen, kidney, bladder, lung, heart, and brain). Each organ was
removed using a different pair of sterile dissection tools.

DNA isolation. Fecal, organ, and body fluid samples were homogenized by bead disruption using a
FastPrep–24 instrument (MP Biomedicals, CA, USA) and 0.5-mm-diameter glass beads (Biospec Products,
Inc., Bartlesville, OK, USA) at the speed of 5.5 m/s for 1 min. Total DNA was extracted using a commercial
column-based isolation kit (GeneAll Exgene stool DNA minikit; GeneAll Biotechnology, Co., Ltd., Seoul,
South Korea) or a DNeasy blood and tissue kit (Qiagen, Hilden, Germany) as appropriate. The acquired
DNA was stored at –20°C.

PCR amplification. Nested PCR protocols were used for amplification of partial sequence of 16S
rRNA using microsporidian-specific primers as described by De Bosschere et al. in 2007 (47) and
Katzwinkel-Wladarsch et al. in 1996 (48). The upstream primers M2F (CGG AGA GGA AGC CTT AGA GA)
and MFNest (GAG AGA TGG CTA CTA CGT CCA AGG) were targeted to the 3= region of the small-subunit
(SSU) coding segment of E. cuniculi. The downstream primers M2R (ATA GTG ACG GGC GGT GTG T) and
MSP1R (ACA GGG ACM CAT TCA) were targeted to the 5= region of the coding segment of E. cuniculi. DNA
obtained from spores of E. intestinalis grown in vitro in Vero E6 was used as a positive control. Ultrapure
water was used as a negative control. For both PCR steps, a total of 35 cycles, each consisting of 94°C
for 45 s, 58°C for 45 s, and 72°C for 60 s, were performed. Initial incubation at 94°C for 3 min, final
extension at 72°C for 7 min, and a final soak at 4°C were included. PCR products were visualized on a 1%
agarose gel containing 0.2 �g/ml ethidium bromide. A total of 3 randomly selected positive samples
from each animal were sequenced to verify the identity with the inoculum.

Real-time quantitative PCR (qRT-PCR). Selected DNA samples were processed using a quantitative
RT-PCR protocol, amplifying a 268-bp region of the 16S rRNA gene of E. cuniculi (49) and a 137-bp region of
the murine �-actin as a housekeeping gene (50). Primers and hybridization probe labeled with fluorescein
reporter and FastStart Universal Probe Master were purchased from Generi Biotech (Hradec Králové, CR) and
Roche (Praha, CR). Each run included negative controls consisting of unspiked specimens and diluent blanks.
Positive results were determined based on mathematical algorithms included with a LightCycler system.
Results were deemed positive when the fluorescence signal crossed at the baseline at �43 cycles. The total
amount of spores in 1 g of individual fecal samples or tissue samples was calculated based on a standard
curve derived from serial dilutions of spores in water and feces and the known weight of fecal samples or were
recalculated based on the number of �-actin copies in the tissue sample, respectively.

Statistical analysis. The statistically significant differences in the survival times of different groups
of mice and the differences between the numbers of affected organs and the spore burden in individual
groups of mice were analyzed by the nonparametric Mann-Whitney U test using Statistica 6.0 software
(StatSoft CR, Prague, Czech Republic).
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